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1 Parametric Land Parametric Speaker System Field of the invention
The present invention relates to a speaker for generating ultrasonic .
sound, which may be modulated using an audio frequency. The invention
further 5 provides a speaker system comprising at least one speaker and
an amplifier system. Background of Invention It is well-known that an
ultrasonic transducer array (that is, an arrdy 10 composed of a plurality of
elements, each of which is capable, under the control of an applied
electronic signal, of transmitting an ultrasonic signal into air) can produce
a narrow ultrasonic sound beam It is further known to AM modulate the
ultrasonic sound&&ang 2l difaahrbetusiiptakaudigstsignal to
modulate the electronic S|gnals WhICh drive the ultrasonic transducer 15
ars|d e hMimeshated ultrasonic beam is spontaneously demodulated
as the beam propagates through the air because of the non-linear

s of air, so enerate an audible sound corresponding

o DSl ST Sl paBREke 4Bt ARPErIBLAEBFR sound

spedikeins maycfbwmdblﬂalbenQmﬁgoﬁrioa!@m@luﬁ%m&ﬂ Sm;“mvéhﬁéﬂﬁ further
audible nIy b t the locatjon of the sound spotlight. Fig

iIIu%E[chz\i/ties e uﬂ?g&aﬁlg %r% B?B@?é’ﬂ@ﬁe%t@?%&%ﬁl%ﬁ@k@f and an amplifier
trassstecer elements 1 in a known transducer array (for simplicity, only a
single row of transducer elements is shown, but it is to be understood that
thi of a two-dimensional array, which extends
al sgoglék r?‘?eééf%%ﬁtmwd icular to the page). The elements 1 are
spaced apart by a distance d. Now, recall Huygens' principle, which
staies at-RMEWPRIAE SR pltPégHﬂré’ wﬁygéwcrétrsgg%%’s %sai;[hies’ng ra?rera(g/f
spherical secondary wavele
composed of a plurality of elements, each of which is capable, under the

control of an applied electronic signal, of transmitting an ultrasonic signal into
air) can produce a narrow ultrasonic sound beam. It is further known to AM
modulate the ultrasonic sound beam using an audio signal, by using the audio
signal to modulate the electronic signals which drive the ultrasonic transducer
array. The AM modulated ultrasonic beam is spontaneously demodulated as
the beam propagates through the air because of the non-linear acoustic
effects of air, so as to generate an audible sound corresponding to the input
audio signal. So called “parametric speakers” are ultrasonic speakers which
use this phenomenon to produce a sound spotlight that is audible only by
people at the location of the sound spotiight.

Fig. 1 illustrates the ultrasonic sound profile generated by a plurality of
transducer elements 1 in a known transducer array (for simplicity, only a
single row of transducer elements is shown, but it is to be understood that this
may be just one row of a two-dimensional array, which extends also in the
direction perpendicular to the page). The elements 1 are spaced apart by a
distance d. Now, recall Huygens’ principle, which states that every point on a

primary wavefront serves as the source of spherical secondary wavelets 3
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2 such that the primary wavefront at some later time is the envelope of

these wavelets. Huygens' principle accordingly implies that the envelope

of the secondary wavelets gets closer to the shape of a planar wavefront

as the center-to-center transducer distance d gets smaller. In fact, it is
well-known 5 from the theory of waves that a very narrow sound beam

can be produced by an ultrasonic transduter array with a center-to-center
distance d of less than the wavelength of the ultrasound. Unlike the

spherical wave, the plane wave propagates straight ahead With.out

spreading out, thereby making the wave distribution more localized, that

is RS2 ied dbsdpTiTacy, Wwasgimbetmbseminiated tiherictiesmatiesdbarf these
th ; IC AT itted qut .qf a planar
ey oy oy e s TP B e gt e
exFSSOBIRBS YNGR @B elpeetitn %@rﬁéﬁﬁiemélatolﬂreaawayea‘ma)ﬁatgs the
F'%e%@?QW%@PﬁMMHWH@%#TE@& ﬁfe't:égSt%gl? en from the ifsr%\r{]ﬁ%lﬁlil?hown
15 looking towards the transducer along the propagation diréction or the
solife Heatipony ehwdeescdatreRigrmasyphdbetascaicbe produced by
U dUeEE MK ShSRBNE YRS G %%?\qé'ﬁ?%%%gp &Sis%a(\gwngé/ 8 (?11‘ less than
circular and are arranged on aplanar substrate 5." The transducers )?
béfpﬁe\zf@é@&rﬁi@m&féharﬁbf@smziwdﬂméhmmeaﬁmmdrm iaoes wave
The ik VRI j in- ifier circuitry, (not

S e TSRl WO BB R ave
arf§8iEPHiadparsr ipgatizadrihat isitinare einectedcémfactdparation prthatn that

is greatey @%W%W%%%tQ/Q@gP@n%ﬁﬁQHig Wﬂ\é%g-ﬁﬁégﬁ?“}i&‘%’r%?j% Itted out

piezoelectric bimorph type ultrasonic t ucers are 0 pac

cl¥ & BIRRREIBBEEYSE IR tFir feir el sizniy heatigriranderamiteipal sound
crpdakliamaierciVhan SHEMPID9L Bﬁé%m?ﬁ@ ngluj% ?érﬁ}’e 5%y surface.

extremely difficult to provide the desired less-than wave spacing

Fig. 2 shows the known transducer array of Fig. 1 seen from the front (i.e.
looking towards the fransducer along the propagation direction of the sound
beam). As can be seen from Fig. 2, in a typical ultrasonic transducer array of
a known type the transducer elements 1 may be circular and are arranged on
a planar substrate 5. The transducers 1 may be piezoelectric, for example
lead zirconate titanate (PZT) bimorph type. The transducers are typically
driven in-phase by amplifier circuitry (not shown). The ultrasonic transducers
1 are mounted adjacent to one another in a regular lattice format with a

center-to-center separation d that is greater than the wavelength of the

ultrasonic waves.

Unfortunately, piezoelectric bimorph type ultrasonic transducers are difficult to
pack close together because of their fairly large size, typically from 1 cm to 4
cm in diameter. When attempting to assemble them into an array, it is
extremely difficult to provide the desired less-than wavelength spacing

between two adjacent neighbors due to the physical constraint that the
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between two adjacent neighbors due to the physical constraint that the 3
wavelength of an ultrasonic wave is so small in the order of millimeters, for
example, 8.6 mm for a 40 kHz signal. In order to realize an inter-element
spacing less than the wavelength, the 5 ultrasonic transducers would have
to be very small and separated by only a very short distance. Summary of
the Invention The present invention aims t& provide a new and useful
parametric speaker, 10 and a new and useful parametric speaker system
comprising a speaker and an amplifier system. In general terms, the
present jnvention proposes an ultrasonic speaker in which a plurality of

traOYGEP SIBNERR WHasARA VR ieirerara livdbenicdeigahisilinieters, for

coByergseN® & refastve MfAasesgRd that the reflective 15 surface
reflects the signals to generate respective reflected ultrasonic signals.

The reflected ultrasonic signals have a spacing which is less than the

' f ts. . Thus, th ti ti kes it
o e b BT A THEL A R SERoALS PSR fnumtnath the

empitARasHR Ventishilaraneoluidensvani yet they 20rspiesinysefdheated by only a

travnéﬂ)igﬁgrygrimg'signals Is not limited by size and/or separation of

the transducers. In one form, the reflective surface is a curved surface.
For example it may be a curved surface defined by an axis, and in this

case the 5 v&d[ﬁéjrl%ﬂbqy substantially entirely encircle the axis. For

example may be a carsurface, 25 or a cone-like surface (e.g. a
trumpet shape?,'defined based on an axis. In this case, the ultrasonic
eleiEnfESRa) b R Phitgedim th i tRridria dieme aohicabfalifaren@iec speaker,

PoSRILOAEN RAHCYkTI BErERHBRt e SUYREE SMUEelY ggﬁifﬁjig?hg a speaker and

an amplifier system.

In general terms, the present invention proposes an ultrasonic speaker in
which a plurality of transducer elements are arranged to generate ultrasonic
signals which converge onto a reflective surface, and that the reflective
surface reflects the signals to generate respective reflected ultrasonic signals.
The reflected ultrasonic signals have a spacing which is less than the spacing
of the transducer elements.

Thus, the present invention makes it possible to provide a speaker in which
ultrasonic sound generation employs conventional transducers, and yet the
spacing of the transmitted ultrasonic signals is not limited by size and/or

separation of the transducers.

In one form, the reflective surface is a curved surface. For example it may be
a curved surface defined by an axis, and in this case the curved surface may
substantially entirely encircle the axis. For example may be a conical surface,
or a cone-like surface (e.g. a trumpet shape), defined based on an axis. In this
case, the ultrasonic elements may be arranged around the axis of the conical

surface. One possibility (in particular if the reflective surface entirely encircles



4 the axis) is for the ultrasonic elements to be spaced out around
substantially the entire axis. Conveniently, the ultrasonic elemen_ts may
be arranged on a support base member, which may bg a cylindrical
(tubular) member having an inwardly- 5 directed cylindrical surface
encircling a longitudinal axis. The transduce_r el_ement_s may be _Ioc_ated on
the inwardly-directed surface, and the longjtudinal axis may coincide with
the axis of the conical surface. The reflected ultrasonic signals may be
parallel. Alternatively they may be approximately parallel, put having a
degree of convergence (Le. they become 10 focused) or divergence as

theytieopeighie fwaindrotHe spcekendnes ﬁ%@@@ﬁaﬁl@dr%%cé%ﬁi@”ﬁlﬁstantially

may;,pro te in a respective direction which is a few degrees away
frorﬁ%n%ﬁr%%l%(l'rsébtion to the speaker (e.g. the axis of the_curved
surface). In preferred arrangements, the speaker is used with a

pre-ﬁwwwifhiﬂﬁmmmﬂwmmﬁiewamwmm%yQﬂapon base
inte it - processing.unit) wh nerates one or more , )
contg[r{oéingggerlﬁgllgV f@r‘é t E:‘ﬂ ? ar%sﬁl%cegé%fégrﬁ)gé\{s@{hbﬁ% gH'Gif? g6riaving an inwardly
StreqiEpeledueindtited intsfaetemanirsfiaging (bagthﬁimégamp@ﬁ_@ehﬂansducer
the f adiacepnt.el of the array) of t transducers is higher

thahé %ﬁﬁﬁ?ﬁsﬁ%ﬁwg\%lﬁ?}%{ggné 0 g/he(? trﬁ\’%ﬁ% %8'5?%%3810?&5@9&_ and the
refléebstitdiinal @rgeveyreninhis eantidhgthyds dlicheltoasnnie saRese Brief
Description of The Figures Preferred features of the invention will now be

q : i i Wit cg, 1o the followjn
oo e SHEah s il Y S RSN BRI o oo

plarfRARIBIRSRY RARIE) hetdimvienas fleg tistaie beesgencadjaeetiiey become
10trartedueevgleinedifergence as they propagate away from the speaker. For

example, the reflected signals may propagate in a respective direction which

is a few degrees away from a normal direction to the speaker (e.g. the axis of
the curved surface).

In preferred arrangements, the speaker is used with a pre-processing unit
15 (and normally an amplifier system which may be integrated with the pre-
processing unit) which generates one or more control signals for the
transducer elements at an high ultrasonic frequency such that the inter-
element spacing (i.e. the distance between the centres of adjacent elements
of the array) of the transducers is higher than the ultrasonic wavelength, and

20 vyet the spacing of the adjacent reflected signals is less than the wavelength of
the ultrasonic waves.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:
25 Fig. 1 illustrates how, in a known transducer array, a planar wavefront

tends to be formed as the distance between adjacent transducer elements
decreases:
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decreases; 5 Fig. 2 is a front view of a known ultrasonic transducer array;
Fig. 3 is composed of Figs. 3(a) and 3(b) which show respectively (a)_ an
assembly view and (b) an exploded view, of a parametric speaker which is
embodiment of the present invention and which includes a cylindrical
support 5 base and a conoidal reflector; Fig. 4 is a schematic
cross-sectional diagram of the embodiment of Fig. 3, and illustrates
typical ultrasonic beam paths in the embodiment of Fig.3; Fig.5is a
schematic diagram of a view towards the embodiment of Fig. 3, and
further illustrates typical ultrasonic beam paths in the embodiment 10_of
Fig. 3; Fid-ig. i%@tmfeenheimmmsﬂnipmwm%dhﬁﬂeﬂﬁétﬂlﬁcﬁeinﬁirmﬂon

angle an S flec and
computeﬂ:g;? nerategg%??m% Es Stion of QHeg% %r]%é?\ﬁ Q’@'f G SR ERRRRAINEY (a
Figarg as?elambaswmam@ émbodimentibds/@R3 oegrearimhegfleciosatiis which is
t sound amn litude from the surface  of the
speake ES Lﬁt%t%% @rlp%lon of fRE é"rﬂbo’bar}ﬁvgﬁ%‘éBﬁﬁ&Sﬁ.ﬂ@f#@ﬂg}%‘ support
Figh@seaarshibodimistal seflectovention is shown in a perspectlve view
(Fig. 3(a) d ew. i J..3 % The. embaodi
speaker. A r%%grc?c%%g%%]%ﬁlt hot Sﬁggll’)] qu‘%ﬁ%@a‘@ %r? %ﬂﬁtﬁnﬁ’?t of Fig.
auaioaﬂéql}@’ifgltesg’rm:oatmHurasudimsmiamigaahmrﬁmm amisoaisiseof Fig.3;
modulated:ylt nal which js fed to the s 6
circuitry (Eo %? rg)s% ty%ﬁ:(’g y [EN v?a{! n 'gt‘YYpﬁﬂ}%? hlen%'}é gdjragnt of
indhigles, a¢|findithea Huppatesdypitsl hitvisgpaitohgindinalraxis taé embodiment
Ior’tgit[bl@ingJ symmetry, and a central open section. The speaker further
Fig. 6 illustrates the relationship between the reflector’s inclination
angle and beam centres on the reflector: and
Fig. 7 is a computer-generated simulation of the 3-D directivity of the
embodiment of Fig. 3 in the case that the embodiment has a 33 degree
reflector, the simulation illustrating the sound amplitude 0.5m from the surface
of the speaker.

Detailed Description of the embodiments

Referring firstly to Fig. 3, an embodiment of the invention is shown in a
perspective view (Fig. 3(a)) and an exploded view (Fig. 3(b)). The
embodiment is a speaker. A pre-processing unit (not shown) is provided for
modulating an audio-frequency signal onto an ultrasonic signal to form an
amplitude modulated ultrasonic control signal which is fed to the speaker by

circuitry (not shown), and typically also via an amplifier unit.

The speaker includes a cylindrical support base 13 having a longitudinal axis
of longitudinal symmetry, and a central open section. The speaker further
includes a regular transducer array consisting of a plurality of ultrasonic

transducers 11 (typically piezoelectric bimorph type ultrasonic transducers)
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includes a regular transducer array consisting of a plurality of ultrasonic 30
transducers 11 (typically piezoelectric bimorph type ultrasonic
transducers) 6 mounted adjacent to one another on the inwardly-directed
cylindrical surface of the cylindrical support base 13, The respective
transmission axis each transducer 11 points towards the longitudinal axis
of the support base 13. 5 The transducer§ 11 are arranged in respective
rings, encircling the longitudinal axis of the support base 13, with each of
the rings being composed of a group of transducers 11 at the same
distance alon&é}he longitudinal axis. There may be any number of rings

(TG LRALP ERA R Rnthe aps dh el akd vifge cirdsndinariaatigurface
3(b)kr @fileastHIreg b Fingsdn werﬁés%%éf‘%e’n%@sm%@brﬁn%s each

each of transducers 11 may be in angular register, around the
loHGRRAHEP RIS BRIt §9W§6@§HQ§9I QrifliEN P s i dheasiRReBrbasein 3.

each of the other rings. Thus, a typical transducer 11 has four nearest
neighbours: the two transducers to either side of it within the same ring,

anthevodraniierers NeosasnYuting Aagsatite RAgEIANSHI the two
3@(@ t rlngr The ?geaker further includes a solid reflector 15 having a

BRL IS RIA08 RIFRBAEDAY Uit ihed thsicings haing.

Thmwuedosuffa@ombmaw@@n@lssmnf@@eﬂé%ﬂ&a@mgﬁ%@%l&ﬁ@'ﬂ?é
rfac edin li] s 20 document to any surface which has a portion
SRR 3

éﬁtmﬁ&b&q%@f.&ams&:%anaﬁ,g%e Ree), but

sugfpmmw the@oaderaﬂ&éé@t BooririeR indreistaveoniFalisIpiudr VBB three
the mea@ré% of the t%%] ‘conical su face The reflector 15 IS positioned

RFETRE m?&ﬁé{}ﬁtﬂ L T&ﬂﬂjtd%‘?ﬁ&l Adeesptecstppdrnay be in
baaegm&arz&gbmcyanaumhsappﬁgﬁﬂm@ﬂealamemﬁé%bmﬁ%@@h@%ﬂth
ourteesrp%oc Ve ]‘trénsducers 11 in each of the other rings. Thus, a typical

transducer 11 has four nearest neighbours: the two transducers to either side
of it within the same ring, and two transducers in corresponding angular

positions within the two adjacent rings.

The speaker further inciudes a solid reflector 15 having a curved reflector
surface for reflecting ultrasonic beams which impact it. The curved surface
may be a conical surface (note that the term “conical surface” is used in this
document to any surface which has a portion conforming to the conventional
equation for a cone; thus, a reflective surface of the solid reflector 15 which is
frusto-conical is included within the meaning of the term “conical surface”).
The reflector 15 is positioned so that its centre line coincides with the

longitudinal axis of the support base 13.

The cylindrical support base 13 is encircled by a tube-shaped outer cover 17,
and a top cover 19 and a bottom cover 20 are provided at opposite ends of

the iongitudinal axis of the support base 13. The top cover 19 has a central
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and a top cover 19 and a bottom cover 20 are provided at opposite ends
of the longitudinal axis of the support base 13. The top cover 19 has a
central 7 circular aperture through which the ultrasound beam propagates
away from the speaker. Turning to Fig. 4, a cross-sectional yiew of the
speaker of Fig. 3 is shown 5 schematically, in a plane incl_udlng_ the_ _
longitudinal axis of the support base 13 (Which is the vertical direction in
Fig. 4) and two transducers 11 of the same ring (the transducers 1_1 of
other rings are not shown) on opposite sides of the longitudinal axis. The
function of the reflector 15 is to reflect AM modulated beams 23 emitted
by FHEHAn3RaERYE 1hresighrub iple ibagiltiaseyastiberdnh propagaies: tvese from
13tHehispberats 23 are reflected through an t_-bend, to form upwardly
propagating beams 25 as shown in Fig.4. The angle bet_vveen the original
propagation direction of the beams 23 and the sloping sides of the
reflector 13 is denoted by a . By varying the value of a , the reflected

bedH & &rfiné SERSStSsIi oAbV« abt) et Bakes @ifdis 18 kreshown
focusesmuidisiiSia 45 tes ﬁ@@ﬂ?rﬁﬂﬂé iestdisparssss BPEH&‘%@ Id?t base 13

5, ? iew is shown looking towards the speaker along the longitu axis
of tH

Givisdhpyedical d*F%C#@ﬁr@Mh%daw@c@aﬂmgaewmhm same
theiagr(méilnngba%@r@%@lﬂ%ﬁ%hﬁﬁ%@eﬁ%ﬁf&-%smf%@% 8RE%Qes of the

d. Each transducer grenerates a beam 23 which i’r“ngacts the reflector 1

at 2 PEIHERR a8 Eatide teRiRNR g Telismiiehirie forefiect A crmdiBated
Theceasesiregcy e jnicatadfcerdd PsuEmSHN BIAlG RS axis of the

center-to-center distance d' of reflective beam centers C, Don the

refeRBP TP REEm ek WSehPRIES paichiG Eedieiedrtiougbens L1bend, to form

theipselnty Bropaingite thedat tabeasbiansduess e BIHBELiRen the

the wall so that its axis of propagation points towards the longitudinal axis

of %@mfn@ﬁggga‘uon direction of the beams 23 and the sloping sides of the
reflector 13 is denoted by « . By varying the value of « , the reflected beam
pattern can be adjustable. When « <45°, the beam tends to be focused, while

a >45° the beam tends to be dispersed.

Turning to Fig. 5, a view is shown looking towards the speaker along the
longitudinal axis of the support base 13. The figure shows two adjacent
transducers 11 in the same ring. These transducers have a centre-to-centre
distance of d. Each transducer generates a beam 23 which impacts the
reflector 13 at a respective location (termed here a “beam centre”) on the
reflector 15. The beam centres are indicated as C and D in Fig. 5. Note that
the center-to-center distance o’ of reflective beam centers C, D on the
reflector 13 is smaller than the spacing d of the transducers 11 themselves
owing to the fact that each transducer 11 is mounted on the wall so that its
axis of propagation points towards the longitudinal axis of the cylindrical
support base 13. The center-to-center distance d’ of beam centers C,Don
the reflector 15 can thus be made smaller than the wavelength of the

ultrasonic waves by appropriately choosing the value of R, which denotes the
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support base 13. The center-to-center distance d' of beam centers C, Don
the reflector 15 can thus be made smaller than the wavelength of the
ultrasonic waves by appropriately choosing the value of R. which denotes
the 8 ratio of the radius of the inner surface of the support base 13 and
the radius of the reflective surface of the reflector 15 at the point alc_)ng
the longitudinal axis of the support base £3 at which the beams 23 impact
it. From beam centres C. D onwards, the AM modulated reflected beams
25 (not shown on Fig. 5) 5 propagate parallel to the shared longitudinal
axis of the support base 13 and the reflector 15, with a center-to-center

didfirebiiedrRdid Rhtheintehp freeRdhR SToRmNghese tBRigdehtheadius of
cagisdiastates ifvbion thenefrpere thap | &Rtrg]grgolﬁ@Fdrﬁ%amaf axis

on the inwardly-facing wall of the support base 1 Let us consi de

ANHRRIGIAREAHIRASSHiE Bhuhiskinedraysatsduoas 15 enrbbadictoentres

aredn%@d@%@%ﬂ%ﬂ@'%@%&%@@? @% % non Fig. 5)
%ort base 13 (i.e. they are in anﬁgulaﬁﬁglster around this axis). The

Ragfe L lalted s@liexis of thel Sbpmprdiabe 13 and
15tlﬁ@ﬂﬁéﬂ@btb3 a5 TORRe BlVEREATD- CRMIES TS CaNIPL I:%]% AT by a

d" between beam centers of beams 23a, 23b emltted e transducers
11 %C 147 {§ determined by the inclination angle a of the reflector, as
shown in Fig. 6. With an increasing a, the d" will be decreased. 20 Note
that the total distance travelled by the beams 23a, 23b before reaching

th& toping rgwadsrijfesetre kegrurei e e 23RS & 8HGE Wé%an one
dlstanc &a&%&@he verti aI direction. Therefore, if the transducers 1 Ila,

1114 R SFAD SLENFREDELasiag Winlhef e surparidrase 13. Let us

wlmrmﬁm ueammddpteféamtﬁa&&ﬂ@@é&@@ﬁ}@&ﬂ%%&%@@@é& 11a, 11b
deI ircuit 0 within the amplifier unit) may be used to

comp Saat%%gla%% Qm each other parallel to the longitudinal axis of the
support base 13 (i.e. they are in angular register around this axis). The

beams 23a, 23b emitted by each of the transducers 11a, 11b impact the
reflector 13 at respective beam centres. The center-to-center distance d”
between beam centers of beams 23a, 23b emitted by the transducers 11a,
11b is determined by the inclination angle « of the reflector, as shown in Fig.

6. With an increasing « , the d” will be decreased.

Note that the total distance travelled by the beams 23a, 23b before reaching
the top of Fig. 6 is different, because the beam 23b has a much shorter
distance to go in the vertical direction. Therefore, if the transducers 11a, 11b
are in phase, then the beams 23a, 23b will not be quite in phase when they
reach the top of Fig. 6. Optionally, an amplifier plus a phase delay circuit (e.g.
also within the amplifier unit) may be used to compensate this difference. For
example, a single amplifier is used to generate a control signal to drive one
ring of transducer elements, and the output from the amplifier can be passed
to the phase delay circuit to generate a control signal to drive the other ring.

The phase delay may to chosen to ensure that the reflected ultrasonic signals



example, a single amplifier is used to generate a control signal to drive
one ring of transducer elements, and the output from the amplifier can be
passed to the phase delay circuit to generate a control signal to drive the

~other ring. The phase delay may to chosen to ensure that the reflected
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ultrasonic signals 9 are in phase. More generally, when there are more
than two rings, they may be more than orfe phase delay circuit. Fig. 7
shows a result of a numerical simulation of an arrangement as shown in 5
Fig. 3. The simulation used two rings of transducers, each with 25
transducer elements (so 50 transducer elements in total). The value of d

wal'Enodeirgs Y @ B aRRcsAly a Wherchhwserars heose tegrées mityss 88y may
degeeasolceinah gﬁgrﬁgggelh\_g@g)p@i,%qmarent from Fig. 7 that the present

embodiment can indeed attain a main lobe with a desirable narrow width,
side lobes having a 10 high enough attenuation with respect to attenuation
at the main lobe. Although only a single embodiment of the invention has

be&iFillOSINRNE f RO hRYUaHaRbRL B o bBiATEM gREmBOs Siblehown in
withig. the Beo Rl HR iAo amyll arelgan iR &rskiled reagies siPhnsducer

examgle, while, as described 15 above, a conical reflector surface Is

co isroP S0 FaRedHGBRBEMRIES podatsle: thheprikeeat thwas chosen to
inviea@erHEINaihgr Rudagrss ARG 8%@6&%%@%@%@ & (ie. 57

exg{rﬁp&le, the curved surface may be another Surface defined by an axis,
su

egshuthpit BrarrpEmdien Bia ddhatthamessenichrieedireantsan
whicherarhiefithe eiassisBEtions theruahiie sYFBeRaIRg %9@(63;'&%’ hhGing a
ISTa

radius of the circles being a non-linear monotonic function of the nce
QNN SKE), BRI SOFRESHARERERS T Hipein ishes

need not necessarily encircle the entire axis, but may, for example, only
subtend about 180 or 90 25 of angles around the axis. In this case the

refidttiveghempnissaitepanamiitiagliment of the invention has been illustrated in
detail, many variations of the embodiment are possible within the scope of the
invention, as will be clear to a skilled reader. For example, while, as described
above, a conical reflector surface is convenient for use in the invention, it is
possible to implement the invention using other surfaces, particularly other
curved surfaces. For example, the curved surface may be another surface
defined by an axis, such as a trumpet shaped surface (i.e. a surface which
encircles the axis, which each of the cross-sections through the surface being
circular, the radius of the circles being a non-linear monotonic function of the

distance along the axis).

Furthermore, in some arrangements, the curved surface need not necessarily
encircle the entire axis, but may, for example, only subtend about 180° or 90°
of angles around the axis. In this case the reflective elements also may be

provided only in locations on a single side of the axis.
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provided only in locations on a single side of the axis. LLOYD WISE 10
Claims 1. An ultrasonic speaker comprising: a solid reflector having a
reflector surface; and a plurality of ultrasonic transducer elements,
arranged to transmit 5 respective ultrasonic signals towards the reflector
surface; the reflector and ultrasonic transducer elements being arkafedVISE
so that the ultrasonic signals intercept the reflector surface; and the
reflector surface being shaped and arranged to reflect the ultrasonic
signa_ls to form respective reflected ultrasonic signals having a 10

n eighbour spacing which is less than the nearest-neighbour
spacing of the ultrasonic transducer elements and which is less than the
wavelengdih uitrdise nikrapeaicesigoalprigding:speaker according to claim 1 in
which the reflector surface is a curved surface defined by an axis. 15 3. A

speakergg%@mlégtgpﬁg\gﬁ y@ﬁ%ﬁg@r&jﬁggg;s&”&ace isa conical

surface around a longitudinal axis, asonic transducer elements
being arranged around the axis. 4. A speaker accordin? to claim 1, claim 2

or claim 3 iR tff reHERSSPISUIFaREIY laflaraRnta ranNpsed the transmit
refiRpiestisie 1R sbATE SigRaMeNafEney Acrtisns oiggter: 5. A speaker

according to claim 1, claim 2 or claim 3 in which the reflector surface is

oronagel o A LR AL SO AR A e R afenged so tha

trémsdiltcasonic signals intercept the reflector surface; and

the reflector surface being shaped and arranged to reflect the
ultrasonic signals to form respective reflected ultrasonic signals having a
nearest-neighbour spacing which is less than the nearest-neighbour spacing
of the ultrasonic transducer elements and which is less than the wavelength of

the ultrasonic signals.

2. A speaker according to claim 1 in which the reflector surface is a

curved surface defined by an axis.

3. A speaker according to claim 2 in which the reflector surface is a
conical surface around a longitudinal axis, the ultrasonic transducer elements

being arranged around the axis.

4. A speaker according to claim 1, claim 2 or claim 3 in which the reflector
surface is shaped and arranged so the reflected signals share a common

propagation direction.

5. A speaker according to claim 1, claim 2 or claim 3 in which the reflector
surface is shaped and arranged so the reflected signals converge as they

propagate.

6. A speaker according to claim 2 in which the ultrasonic transducer

elements are arranged in groups, each group of transducer elements
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25 elements are arranged in groups, each group of transducer elements
LLOYD VVISE 11 comprising multiple ones of the ultrasonic transducer
elements located at the same respective position along the longitudinal
axis. 7. A speaker according to any preceding claim in which the plurlityyse
of ultrasonic transducer elements are located on an inwardly directed
surface of 5 a cylindrical support base. 81 An ultrasonic speaker

comprising: a solid reflector having a curved surface defined by an axis;
andg@qf&luralit of ultrasonic transducer elements arranged around the axis

tCRIHERINAEHUERIR oRtFSsBhidGIYRHAS iR Bl rsrclinsifalasated at the
whenebydhiscelinas paisitignalery ensieeiad aheaspastive locations on the

curved surface to form respective reflected ultrasonic signals having a
nearest-pej r spacing.which is less than.the nearest-neighbqur .
sggcingﬂo %%%érﬁegs%%ér?gfnglf raonie anéagcg}aémgﬁ{émgéhc?ﬁ%iew@my of
legkrgsamichsanadelesgeienhemdsutiradonatesigonl anl Bi@akdspdaketed surface of
ace rgmi&%,aépééggﬁ%ggg claim in which the ultrasonic transducer

oe '

elements are pi ectric elements. 10. A parametric speaker system
comprising: a speaker according to any preceding claim; a pre-processing
ufiit for ABAIIEAREHA SRRAESFRIBABSBRNal onto an 20 ultrasonic signal

to form an amplitude modulated ultrasonic control signal; and circuitry to

transmitahs iapdsflatadruiasanis caveel sigrIdaBTmdluspliy akis: and
ultrasonic transducer elements. LLOYD WISE 12

a plurality of ultrasonic transducer elements arranged around the axis

to transmit respective ultrasonic signals towards the reflector surface;

whereby the ultrasonic signals are reflected at respective locations on
the curved surface to form respective reflected ultrasonic signals having a
nearest-neighbour spacing which is less than the nearest-neighbour spacing
of the corresponding ultrasonic transducer elements and which is less than

the wavelength of the ultrasonic signals.

9. A speaker according to any preceding claim in which the ultrasonic

transducer elements are piezoelectric elements.
10. A parametric speaker system comprising:
a speaker according to any preceding claim;

a pre-processing unit for modulating an audio-frequency signal onto an

ultrasonic signal to form an amplitude modulated ultrasonic control signal; and

circuitry to transmit the modulated ultrasonic control signal to the

plurality of ultrasonic transducer elements.
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11, A parametric speaker system comprising: a speaker; a
pre-processing unit for modulating an audio-frequency signal onto an
ultrasonic signal to form an amplitude modulated ultrasonic control signal;
and 5 circuitry to transmit the modulated ultrasonic control signal ta.theyp wisk
plurality of ultrasonic transducer elements, wherein the speaker
comprising: a reflector having a reflectori8urface; a plurality of ultrasonic
transducer elements, arranged to transmit respective ultrasonic signals
toyards the reflector surface according to the 10 modulated ultrasonic
ccﬁtrol RS A SRERERILYRISEL ARMIRIIRAGeer elements being
arranged so that the ultrasonic signals intercept the reflector surface; and
the refleetepsakace being shaped and arranged to reflect the ultrasonic
signals to form respective reflected ultrasonic signals having a 15

nearest-geighbaureRargUWRIER IR ieRidhag I RREREREIHBPYgnal onto an
spacing c?thgvijltrasoni(gtransducer elemeﬁrgs. a g
ultrasonic signal to form an amplitude modulated ultrasonic control signal; and

circuitry to transmit the modulated ultrasonic control signal to the plurality of

ultrasonic transducer elements, wherein the speaker comprising:
a reflector having a reflector surface;

a plurality of ultrasonic transducer elements, arranged to transmit
respective ultrasonic signals towards the reflector surface according to the

modulated ultrasonic control signal;

the reflector and ultrasonic transducer elements being arranged so that

the ultrasonic signals intercept the reflector surface; and

the reflector surface being shaped and arranged to reflect the
ultrasonic signals to form respective reflected ultrasonic signals having a
nearest-neighbour spacing which is less than the nearest-neighbour spacing

of the ultrasonic transducer elements.



